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CLAIMS 



Therefore, having thus described the invention, at least the following is claimed: 



1 . A-soil-and-gKiuaidwateiLdecontarnination'system a 
contaminated subsurface zone, the contaminated subsurface zone having^^^oundwater 
level below which is a groundwater (saturated) zone and ab^ve^Wmch is a vadose zone, 
the vadose zone and the groundwater level having a capillary fringe therebetween, 
comprising: 

a product having the ability to react witj^ubsurface contaminants and create a 
reaction end product; 

an injection well, said injectiwi/well having a length, said injection well being 
disposed in the contaminated subsurface zone, said injection well configured to introduce 
said product into the contamiiiated subsurface zone; 

. / . 

a well casing having a proximal end, a distal end, a length therebetween, and a 
lateral wall, said distal end of said well casing being disposed in said contaminated 
subsurface zov^ 

/ 

a drop tube, said drop tube having a proximal end, a distal end, a length 
therebe^een, and a lateral wall, said drop tube being disposed inside and extending along 
said'^ell casing, said drop tube configured to extract reaction end products from the 
contaminated subsurface zone and contaminants from the contaminated subsurface zone: 
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a^amtwL^mp--jtaiH var.nnm pump heing in,fluid^Q mmunica tinp y^t\] saiH 



2. ' — The soil and groundwater aecontanunaup^i system of claim 1, further 



compnsmg: 



said catalyst are injected into t 




a catalyst, wherein said product^id said catalyst are combined as said product and 



d subsurfa cerzongr 



Al and gioutldwatef detunldumialiuu sysleui uf lUuh 1, fui l l i 



compnsmg: 



a catalyst, wherein said product and said catalyst are coipbined before said product 
and said catalyst are injected into the contaminated sut«(irface zone. 



4. The soil and groimdwater decontamination system of claim 1, fiirther 



compnsmg: 



a catalyst, wherein said product and said catalyst are combined after said product 



hijecled hi t o - thc contaminated subsnrfar,p 



JhcLsaiL^ld^ groundw ater^eeentanttm fuith 



compnsmg: 




a phase separator foMeparation of liquid and gas extracted in multiple phases, 




such as^irtlEg ja^s p hase-andlh^ liquid phase 
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The-sofl-ftftd giuuiid water decontamination SiyiJiem of claim i, fui 



compnsing: 




a contaminant filter, said contaminanLfilter^Semg in fluid communication with said 



drop tube, wherein said 



ant filter configured to treat extracted groundwater and 



:rpr5duce an enxoromnentaHj^^ 



T. The soil ana groundwater decortiaminati uu sysltJin of claim 1, fiirt 



comprising: 



a fluid pui 



[uid pump proYiding said product to said injection well. 



"S: ^ rtarsSil and^grornidwatentecPHEaniin'Moi^^ of claim 1 , fiirt 



comprising: 



a supply 





rd supply valve .being variable and in fluid communication with 



saidrwglLca^ing>v 



lateral wall of said injection well includes a screen. 



10. The soil and groundwater 



(mination system of claim 1, wherein said 



lateral wall of said injection well inpkl^ perforations. 



11 



le soil and decoptafrunation system of claim 1, wherein said well casing is 



clos( 



listal end. 
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1- 



The soil c t rtd decuiila mination sysleiii of claim 1, wlieieiii said diup LUbe is 



open at said distal end. 



13. The soil and decontamination system of claim 1, wherein^d lateral wall of 
said drop tube includes at least one opening. 



said injection well is disposed in a vadose zone 



15. The soil and decontj 




14. The soil and decontamination system of claim 1, wherein said distal end of 



aminated subsurface zone. 



of claim 1, wherein said distal end of 



said injection well is disposed at a ffl"onndwater level of me contaminated subsurface zone. 



16. The soil and decjbfffianiination system of claim 1, wherein said distal end of 
said injection well is disposed^^^elpw a groxmdwater level of the contaminated subsurface 



zone. 



17. 



le soil and decontamination system of claim 1, wherein said distal end of 



said well casing is disposed in a vadose zone of the contaminated subsurface zone. 



18. The soil and decontamination system of claim 1, wherein said distal ej 



s^d-^v^elTcasing is disposed at a groundwater level of the contaminated subsurface zone. 
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* , ■ 




tion system of claim 1, whcrciji &aid di s t a l 



said well casing is disposed below a groundwater level of the contaminated subsurface 



zone. 



20. The soil and decontamination system of claim 1, wherein saurdistal end of 
said drop tube is disposed in a vadose zone of the contaminated subsumce zone. 



21. The soil and decontamination system of dainL^ wherein said distal end of 
said drop tube is disposed at a groundwater level of the contaminated subsurface zone. 



22. The soil and decontamination system otcJaim 1, wherein said distal end of 
said drop tube is disposed below a groundwat^ level of the comaminated subsurface 



zone. 



23. The soil and grounawater det^entamination systOTi of claim 1, wherein said 

7j. . 

product is further defined as an oxipizing agent. 



24. The soil and groundwater decontamination system of claim 1, wherein said 
product is fiirth^ defined as a surfactant. 



25. The soil and groundwater decontaminationsyst^niof claim 1, wherein said 



IS fijrther defined as a co-solvent. 
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2 6 A <^oil ^n^ grni^ fid ^atf i r H f ^r . nnt n minHtion syntnm-fnr rtrrnntmrnnntinf; n 



contaminated subsurface zone, the contaminated subsurface zone having a groundwater 
level below which is a groundwater (saturated) zone and above which is a vad<^e zone, 
the vadose zone and the groundwater level having a capillary fringe ther^etween, 
comprising: 

a product having the ability to react with subsurface co^aminants and create a 
reaction end product; 

an injection well, said injection well having^a Mgttf said injection well being 
disposed in the contaminated subsurface zo^sma inj^^ioi^^ configured to introduce 
said product into the contaminated subsutface zoire; 

a well casing havuig a proxim^nd, a distal end, a length therebetween, and a 
lateral wall, said distal end of said casing being di§pcfsed in said contaminated 
subsurface zone; 

a drop tube, said dna^p tube having a proximal end, a distal end, a length 
therebetween, and a laj^al wall, said drop tube being disposed inside and extending along 
said well casing, s^d drop tube configured to extract reaction end products from the 
contaminate^/sub surface zone and contaminants from the contaminated subsurface zone; 
and 



a vacuum pump, said vacuum pump being-irfnuid communication with said 
imal end ofsaid drop tubeT 



28 




Docket No.: 050506-1010 



27. ^^^.-sojl and groundwater decontamination system fbr decontaminating a 
contaminated subsurface zone, the contaminated subsurface zone having a-gr6undwater 



level below which is a groundwater zone and above which is^a^vadose zone, the vadose 



zone and the groundwater level having a capillary fiinge therebetween, comprising: 
a product supply means; /' 

y 

a means for introducing said product into a contaminated subsurface zone, said 

/ 

product being able to react wkhlhe subsurface contaminants and produce a reaction end 
product; 



/ 

a vacuum means; 

/ 

an extraction means, said extraction means being in fluid communication v^th said 

/ . 

vacuum means, said extraction means extracting the reaction end products from the 
contaminated subsurtace zone and contaminants from the contanrimatecTsnbsnrfaGe zone. 



-28r- — A-gQil-^Tid''^Dtmdwaternfeee n tanuna tion ' m ^hod^fc tudecontaminatij 



contaminated subsurface zone, the contaminated subsurface zone having a gpoilndwater 




level below which is a groundwater zone and above which is a yad^se zone, the vadose 



zone and the groundwater level having a capillary fringe therebetween, comprising the 



steps of 



introducing a product into a contaminated subsurface zone, said product having 



the ability to react with subsurface contaminants; 



allowing said product to react with said contaminants, thereby producing a 



r^aefeten-endTyroduet^ 
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roximal end and a distal end into the 




contaminated subsurface zone; 

disposing a drop tube inside said well casing^-^d drop tube having a proximal end 



and a distal end corresponding to,said proximal end and said distal end of said well casing, 
respectively; 



producing a^vacuum in said drop tube; and 




extracting the reaction end product from the contaminated subsurface zone and 



ntaminated subsurlaS 




^g9r-^-. Jhe soil and gro iinHwatpr-dafiftnl^mwffl^^^ of rlajm ? 

comprising the step of 



introducing a catalyst into a contaminated subsurface zone, said 




st facilitating 



a reaction between the product and contaminants in the contaminated subsurface zone 



30. The soil and groundwater decontamination method of claim 29, wherein 
said steps of introducing a catalyst and introducing a product are done simultaneously. 




31. The soil and a^undwater decontamination method of claim 29, wherein 
said step of introducing^ catalyst is done before the step of introducing a product. 



The soil and groundwater decontamination method of claim 29, wherein 



said/step-oftntrodo^rigTcatalyst is done after the step of introducmg aTyrurfncT 
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33. 



<H a/^.-g£iil ^^ i] grnu nd wa te r-d ^ecQPt amination system of claim^. fur ther 



comprising the step of: 

separating'liquid and gas being extracted in multiple phases, such as the gas phase 



liquid phase. 




il and groundwaiei decuntaimflation system of claim 28, fixrther 



comprising the step of 

providine^^fitfer, said filter being in fluid communication with said drop tube, 
wherein^s^id filter treats extracted groundwater and vapor products to produce an 



environmentally suitable product. 



Hre-seiLand-gFetrndwater decontaminatio 




comprising the step of: 

supplyingifluidjoja^^ — 



■seil-afld-grouTTdwaier decontammation method of claim 28, wherein 



said product is introduced into a vadose zone of th©xontamii)ated subsj^ifedezone 
through at least one conduit extending into theyadose 



37. The soil and 



idwater decontamination method of claim 28, wherein 



said product is intpcfduced at a groundwmerjevetof the contaminated subsurface zone 



throui 



SsTone conduit extending to the groundwater level. 
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1?^ JVifi soil and groundwater decontamination method of claim 28. whereij 
said product is introduced below a groundwater level of the contaminated subsurface^^rae 
through at least one conduit extending below the groundwater level 



39. The soil and groundwater decontamination method of claim 28, wherein 
said distal end of said well casing is disposed in a va(kJ§5)zon5/of the contaminated 
subsurface zone. 



40. The soil and groundwat^^Scwit£mination^?jethod of claim 28, wherein 
said distal end of said well casing is/Uspos^d at a groundwater level of the contaminated 
subsurface zone. 



41. The soil and groundwater d^ocJntamination method of claim 28, wherein 
said distal end of said weln^a^igis disposed below a groundwater level of the 
contaminated subsurface zone. 



The soil and groundwater deconfaifiination method of claim 28, wherein 
said disfal end of said drop tu^fiisilisposed in a vadose zone of the contaminated 



su^rface zone. 
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raminaiion metnod ot claim 



said distal end of said drop tube is disposed at a groundwater level of the contaminated 



subsurface zone. 



The soil and groundwater decontamination method of (^aim 28, wherein 
said distal end of said drop tube is disposed below a 
contaminated subsurface zone. 



The soil and groundwater pe 
said extraction step extracts vapor. 



ination metnod of claim 28, wherein 




46. The soil and groundjfe^er decontamination method of claim 28, wherein 

7j 

iiquiwarrd ^ 



aid extraction step extracts liq 



The soil and groundwater decontamination method of claim 28, wherein 



said extraction step 



48T-yCJrhe-S0il-and-groundwaterdecontaniination-^metho^^ 



said sten/6f allowing said 
simuitafieously. 



o react and said step of producing-^vacuum are done 



said step x if alio wi 



The-s6iTand groundwater decontamination method of claim 28, wherein 



duel to reacrmitme-b^efe'Satd-st^-ofcproducing a vacuum . 
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50. ^"The-^^efhmrd'^niindwal^^ method of claim 28^whdFdn 



sai 




allmxnng QaiH_prnHnrt t£M;ggrt IS Hone ?lft*^r SajH S^f^P of prnHnring .a^ar.ni 



5 1 . The soil and groundwater decont^Jrunation methodp^aim 28, wherein 
said step of introducing a product is further deflned as inJiKJaucing an oxidizing agent. 



52. The soil and groundwate^decontanunationinethod of claim 28, wherein 
said step of introducing a produW i/ferther defined a^^troducing a surfactant. 



53. JHit soil and groundwater decontamination method of claim 28, wherein 



said step of intr( 



rduct is 




ucmg a co-solvent. 
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